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SUPPLIES: Epsom SALTS, MEASURING SPOONS, A CUP, BAR OF SOAP

1. Mix 1 tablespoon of Epsom salts in 250 mL (1 cup) of warm

tap water. Look on the label; it has magnesium sulfate—

one of the main culprits (along with calcium carbonate) in
hard water.

2. Now, grab a bar of soap and wash your hands. Be sure
to make a good lather with lots of bubbles. Then, rinse
your -hands— get all the soap off them.

3. Ask a partner to pour some of the Epsom salts and
water solution into your hands— now try making a

lather with the bar of soap like you did before—
YUK! Just a little magnesium sulfate can make a
- big difference.
~ 4. Try mixing 1 teaspoon of Epsom salts
‘ T with 1 cup of water, and see if you can
make a lather.

5. What is the minimum amount
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Note: Be sure to

wash your hands
with soap and tap
water after finishing
the experiment.

THE FACTS
What is Hard Water?

Water that has a hard time making a lather when it
mixes with soap is called hard. Hard water contains a
lot of calcium and/or magnesium that is picked up when
the water flows over or through limestone or some other
rock that has a lot of calcium or magnesium.

Soap contains long, chainlike molecules that have one
end that interacts with water and another end that
interacts with dirt and oil to remove them from your skin
and clothes. When soap interacts with water, the end that
interacts with dirt and oil spreads out, moving away from
the water. That spreading is the bubbles that you see.

But if the water contains calcium or magnesium, the
soap molecules interact with the calcium and the
magnesium before they interact with the water, resulting
in scum. Soap scum is soap molecules clumping together.
As a result, the soap does not spread out like it does
when it interacts with water. So, we can’t make bubbles
with hard water solutions.

Hard water is bad in your home because it combines
with soap to make a scum or film that you can see as a
bathtub ring or white crust on the showerhead. Soap
scum also sticks to clothes making them look dirty.
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if we really want to get our clothes er bedies clean with seap, we have
te have water and bubbles. The mere bubbles, the cleaner we get!

Let’s do a simple experiment to see which makes mere bubbles:
hard or seft water. First, gather all the Supplies listed. Bnce
yeu have everything, jump dewn to Experiment #2.

SUPPLIES:
2 LARGE CONTAINERS FOR MIXING, 1 L (4 cups)
2 CLEAR SODA BOTTLES WITH CAPS, ABOUT 600 mL (20 0z.)
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SMALL PIECE OF CHALK— ABOUT 2.5 ¢cm (1 IN.) “Check the laundry Wit vinega
WHITE VINEGAR supply aisle at your grocery store.
COMMERCIALLY AVAILABLE WATER SOFTENER* " “Detergent has chemicals called
surfactants that make it possible to get
Liauio HAND SOAP . bubbles in soft and hard water. Read
(BE SURE TO USE S0AP AND NOT DETERGENT!* *) the label and you will find phrases
MEASUH'NG CUPS AND MEASURING SPOONS such as anionic or L‘ationit.‘ suffactants.
Be sure that you use soap for these
activities.
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1. Using one of the large containers, dissolve the chalk in 30 mL
(2 tablespoons) of vinegar. Let this sit for at least 10 minutes.
Watch the solution. Record anything that you observe.

2. Add 750 mL (about 3 cups) of water to the dissolved chalk.
This is your artificial hard water solution; it contains dissolved calcium
from the chalk. Label this “Hard Water.”

3. Using only one of the unused test strips from page 6, determine the
hardness of your hard water solution (you will need the other strips for
other experiments). Dip test strip into your water sample for 1 second.
After waiting 15 seconds, compare the color on the strip with the colors
on the reference chart on page 6. Record this value.

Hard Water Solution

4. Put 250 mL (1 cup) of the artificial hard water solution into the other
large container. (Be careful that any undissolved chalk is left in the hard
water container.) Add 250 mL water and 4 tablespoons of water-
softening agent. Stir well and wait for at least 10 minutes. (Don't worry
if all of the water-softening agent does not dissolve.) . This is your
softened water solution. Label this “Soft Water.”

5. Using a second test strip, determine the hardness of your softened Did the artificial hard water solution make bubbles?
water solution as you did in step 3. Record this value. Did the softened water solution make bubbles?

6N Sof:entet; Water ?olutlon e suds using th i Which solution made more bubbles?
+ oW, Lest now easlly you can make suds using the two solutions. In which solution did the bubbles last longer?

Carefully add 250 mL of the artificial hard water solution to one of your

empty soda bottles. Add 250 mL of softened water to the
other soda bottle. Be sure to label the bottles. Add two
drops of liquid hand soap to each bottle. Put caps on the
bottles and shake them. Record your observations.
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THE FACTS

What S Happenmg? To make suds, soap molecules must interact with other

When you added vinegar to the chalk, you probably saw soap molecules. If a lot of soap molecules interact, you can
some bubbles. These bubbles formed because of a ¢hemical make a lot of suds. The problem in a hard water solution

reaction between the vinegar (acetic acid) and the chalk is that soap molecules would rather interact with the
(calcium carbonate). This chemical reaction produces calcium than with other soap molecules. So, hard water
calcium ions (that's what makes water hard) and carbon solutions don’t make a lot of bubbles. By softening the

dioxide gas (the bubbles you may have seen). water, you can make more bubbles. And, because soap suds
When you added the water-softening agent to the hard interact better with dirt and oil, a water solution with a lot

water solution, you added other chemicals that react very of bubbles does more cleaning.
strongly with calcium ions and prevent the calcium from Another place you can find a lot of calcium is in milk.

reacting with the soap. This means that the soap molecules Do you think there will be a lot of bubbles if you mix some

can interact with the water to form bubbles. milk with some hand soap and shake it? Try it and see.

We’ve got mere
hands-on activities!
For a free catalog
contact the

\ Explore mere fun
and exciting hands-en

science activities with the American
o  Chemical Seciety's

IRICagazine! For magazine and subscription
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A You've learned a little about hard water, water softening, and et
how to use the test strips. Now we need you to collect a sample of
natural water (NOT tap water) and measure the hardness concentration.
Send us the information about where you collected the water
sample and the hardness concentration, and we will assemble all
the data and share it with other correspondents. This activity will enlist the
talents of thousands of individuals working to achieve a common goal—
mapping water hardness across the United States. This type of experiment has |

never been done before and is an example of doing research. ==

on a.grand scale.—-~.
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1. With the help of an adult volunteer, go out and collect a sample of water from a lake, stream, pond,

river, ocean, well, or any other natural source. You don't need much; 1 cup (250 mL) will be plenty.
Do not use tap water!

2. Using one of the two remaining test strips on this page, determine the hardness of your water sample.

All you have to do is dip an unused test strip into your water sample for 1 second. After waiting 15 i
seconds for the color to develop, compare your test strip with the color chart below. Match the 7" Do srey shink
colors, and you will know the hardness concentration of your water sample. \\IM;\?’&;‘,’?JvﬁF, ;
3. Using this information, fill out the form at the bottom of page 7. Submit the data to us via the World - ‘\\ o‘j
Wide Web at http://www.acs.org/ncw. (If you don't have Internet access, you can mail or fax the . (P
form to us. Our mailing address and fax number are on the form on page 7.) o g." e
We will use all of the data submitted to create a map that illustrates the hardness of natural water ‘ o '@,,23

across the United States. You can view and download - A
the map at hitp://www.acs.org/ncw on the Internet.

If you don’t have access to the Internet, send us a self-
addressed stamped
business envelope,
and we will send you
a copy of the map that
you can share with
your parents, teacher,
or keep for yourself.

THE FACTS For best results, use by 8/98.

The Chemistry of the Test Strip

On each test strip there is a chemical that reacts with calcium and magnesium
to produce a new compound that is orange. If only a small amount of calcium
Or magnesium is in the test sample, only a small amount of orange chemical
is produced. When the amount of calcium and/or magnesium increases.
the orange chemical increases.

. o The test strip indicates the
Waler, Wil 13 secandh. Compare esor ot e s o s o sonces® | amount, of caleium and
magnesium present in the
solution by measuring the
orange chemical
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DATX FORM

Your Name (optional)
Your ZIP Code (needed)

Your Age (optional)

Source of water sample:

QOlake QStream/River QOcean QWell QOther
Concentration of hardness ions:

Qo Qs0 0120 Q250 Q425
Submit on the WWW at:

http://www.acs.org/ncw

Or Mail to: NCW— American Chemical Society,
1155 Sixteenth Street, NW, Washingten, DC 20036
Or Fax to: 202-833-7722

Thanks for Your Help
iCelebrate NWCW
November 28, 1997
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Rock fermatiens called stalactites
and stalagmites result when hard
water drips from the ceiling of a
cave. As the water evaperates, the
calcium carbenate hardens. If
the water drips slewly, a
stalactite will ferm hanging
from the reef of the cave
and a stalagmite will form
en the floor of the cave.

With the assistance of
an adult velunteer, you
can simulate the fermatien
of stalactites and
stalagmites by using
Epsem salts.
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SUPPLIES EPsom SALTS, A CUP, GLASSES,
PAPER CLIPS, UNWAXED COTTON STRING,
ALUMINUM FOIL

1. Measure 2/3 cup of Epsom salts into
250 mL (1 cup) of hot tap water.

Be careful not to burn yourself,

2. Divide the solution into two small glasses
or jars. Put a large paper clip onto each
end of a 30-cm (12-inch) piece of cotton
string.

3. Soak the string for 5 minutes in one of
the containers of Epsom salts solution.

4. After spreading foil on your work
surface, hang the wet string between
the two containers as illustrated.

5. After about 30 minutes, you should
see a stalactite growing from the

. string and a stalagmite

- Note: Be sure to growing under the string.

> wash your hanas ") eaye the set-up
- . with soap and lap .
. water after finishing ~ OVernight and look at

the experiment. the results in the

morning.
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THE FACTS
What’s Happening?

The solution you made is supersaturated—there is more
magnesium sulfate dissolved in the solution than should be
possible at room temperature. How can that be?

Remember that we used hot water for this experiment.
By using hot water instead of cold water, we were able to
dissolve more magnesium sulfate. As the solution drips
from the string, the water evaporates and the magnesium
sulfate that remains solidifies and creates the stalactite
and stalagmite. As the magnesium sulfate crystallizes, we
see the results of the evaporation process.

You may be able to see this in your home on the
showerhead. After the shower is turned off, hot water
remains in and on the showerhead. As the drops cool, the
chemicals crystallize leaving a white deposit. This is the
same thing happening in the experiment above. Based on
information contained in this booklet, how would you
remove the deposits from the showerhead?

. 4657146 893 811,631,354 634 451

The activities described in this booklet are intended for school children
under the direct supervision of adults. The American Chemical Society
cannot be responsibie for any accidents or injuries that may resuit from
conducting the activities without proper supervision, from not specifically
following directions, or from ignoring the cautions contained in the text

All of the activities in this booklet have been reviewed for safety by
Dr. Jack Breazeale, Safety Consulftant, Mt. Pleasant, SC.

'isit the National Chemistry Week web site at:
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